Measurements of CP violation in decays of beauty-hadrons to charmonia final states provide a fundamental test of Standard Model (SM) predictions and represent a sensitive probe to search for physics effects beyond the SM. In these proceedings, precision measurements are presented of several observables related to the so-called unitary triangles, that arise from the unitarity requirements on the 3x3 Cabibbo-Kobayashi-Maskawa matrix describing the quark mixing. The discussed analyses are based on proton-proton collision data collected during 2011 and 2012 (LHC Run 1) by the LHCb experiment.
Introduction
Although the Standard Model (SM) has been very successful in describing existing data [1] , contributions from physics Beyond the Standard Model (BSM) are needed [2] in order to explain, for example, the large matter-antimatter asymmetry that resulted in the matter dominated universe we observe today [3] . In the SM, the only source of CP violation is a complex phase in the Cabbibo-Kobayashi-Maskawa (CKM) quark mixing matrix [5] , which is many orders of magnitude too small to match the observed matter-antimatter asymmetry [4] . Most of the BSM physics models available today predict the existence of additional unobserved heavy particles that can appear in internal lines of higher order diagrams contributing to a process (so called box and penguin diagrams), producing sizeable modifications of observables related to these processes, such as CP violating parameters. Therefore, precision measurements of CP violation are mandatory in order to confirm SM predictions and to check whether non-SM contributions are also present. In the following, a selection of recent LHCb [7] measurements of CP violation in B decays to charmonia, based on 2011 and 2012 proton-proton collisions data, are presented.
CKM metrology
The unitarity of the CKM matrix gives rise to six orthogonality relations, which can be represented as triangles in the complex plane. The overconstrained determination of the sides and angles of these Unitarity Triangles provides a powerful consistency test of the SM picture of CP violation.
Measurement of the CKM phase β
The angle β is related to CKM matrix elements through the relation β ≡ arg[−(V cd V cb * )/(V td V * tb )] and it is sensitive to BSM effects in CP violation in mixing and decay. Applying CKM unitarity and using measurements of other CKM-related quantities leads to a SM prediction of sin 2β = 0.740 +0.020 −0.025 [17] . The golden channel to determine this angle is B 0 → J/ψK 0 s . At LHCb J/ψ → µ µ decays are selected efficiently and the relatively high branching fraction of decays such as B 0 → J/ψK 0 s gives large samples of b → ccs transitions to be analysed. By measuring the flavourtagged decay-time-dependent CP asymmetry using the full Run 1 dataset, the LHCb collaboration measures [9] the following CP-violating parameters C = −0.038 ± 0.032 (stat.) ± 0.005 (syst.) and S ≡ sin (2β ) = 0.731 ± 0.035 (stat.) ± 0.020 (syst.) . The individual LHCb measurements and their combination are shown in Figure 1 (left) . After Upgrade II, that aims to achieve a total integrated luminosity of 300 fb −1 , LHCb will be able to reach a statistical precision of below 0.003 [19] . The majority of systematic uncertainties depend on the size of control samples, and are therefore not expected to be limiting. 
Measurement of the CKM phase β s
The corresponding CP observable in the B 0 s system is called β s = −2 φ s and it is related to CKM matrix elements through the relation φ SM
. This angle has been extensively studied using the golden channel B 0 s → J/ψφ . This decay is a pseudo-scalar to vector-vector decay, so angular momentum conservation implies that the final state is an admixture of CP-even and CP-odd components. By performing a tagged time-dependent angular analysis, it is possible to statistically disentangle the different CP eigenstates by the differential decay rate for B 0 s and B 0 s mesons produced as flavour eigenstates at t = 0. The LHCb collaboration exploited also other decay modes to fully investigate the potentials of Run 1 data. Different measurements have been performed using various B 0 s finale states like J/ψπ + π − [18] , ψ(2S)φ [13] , D + s D − s [14] and J/ψK + K − [15] for the K + K − invariant mass region above 1.05 GeV. The HFLAV average including all the above mentioned results is φ s = −21 ± 31 mrad [16] . The individual measurements and their HFLAV combination are shown in Figure 1 (right) . Despite the impressive progress since the initial measurements performed by CDF and D0, the uncertainty is still much larger than the indirect determination from global fits: φ SM s = −36.5 +1.3 −1.2 mrad [17] . The expected precision on φ s after Upgrade II will be ∼ 4 mrad from B 0 s → J/ψφ alone and ∼ 3 mrad from all modes combined [19] . This will be at the same level as the current precision on the indirect determination based on the CKM fit using tree-level measurements (this in turn is expected to improve with better measurements of other CKM matrix parameters).
Conclusions
Recent LHCb results of CP violation in the beauty sector have been presented. All measurements are in good agreement with SM predictions. The selection of CP violation measurements presented here is not a complete list of the analysis performed by the LHCb collaboration. Updated results based on the Run 2 data, corresponding to an integrated luminosity of about 6 fb −1 , are expected soon and will enable even stronger constraints to be made on potential BSM physics contributions.
